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Introduction: The surface geology and geomor-
phology of Mars indicates that it was once warm 
enough to maintain a large body of liquid water on its 
surface, though such a warm environment might have 
been transient [e.g., 1, 2]. The transition to the present 
cold and dry Mars is closely linked to the history of 
surface water, yet the evolution of surficial water is 
poorly constrained. This study presents insights from 
hydrogen isotopes for the origin and evolution of Mar-
tian water reservoirs.   
Origin and Evolution of Water Reservoirs: 
Three distinct water reservoirs are identified based on 
the analyses of Martian meteorites, telescopic observa-
tions, and Curiosity measurements (see [3], and refer-
ences therein) (Fig. 1). One is mantle-derived water 
that has a D/H ratio similar to that seen in planetary 
building blocks (i.e., chondrites [4]). Assuming that 
Mars has not experienced significant crust-mantle re-
cycling, the primordial water of Mars may actually 
have a lower value than the most primitive values ob-
served in surface materials. Nevertheless, the most 
promising estimate for this primordial water reservoir 
(įD = <275 ‰) was obtained from olivine-hosted melt 
inclusions in the most magnesian olivine-phyric sher-
gottite Yamato 980459 [5]. 
The second reservoir is atmospheric water with a 
mean D/H ratio of ~6 times the terrestrial value (Fig. 
1). This is in contrast to the chondritic and Earth-like 
D/H ratio of primordial water retained in the Martian 
interior. The high atmospheric D/H ratio is interpreted 
to result from the preferential loss of hydrogen relative 
to the heavier deuterium from the top of the atmos-
phere throughout the planet’s history. A box-model 
calculation based on meteorite D/H ratios suggests that 
the water loss due to atmospheric escape was more 
efficient during the pre-Noachian (>41-99 m global 
equivalent layer GEL) than in the rest of Martian histo-
ry (>10-53 m GEL) [6]. This calculation also requires 
that undetected subsurface water/ice (~100-1000 m 
GEL) be present and that it exceeds the observable 
present water inventory (~20-30 m GEL) on Mars. 
This third, subsurface reservoir, has been recently 
detected based on analyses of Martian near-surface 
materials [3, 7]. This reservoir has a relatively restrict-
ed range of D/H ratios (įD = ~1000 ௅ 2000 ‰), which 
is distinct from the low-D/H primordial and the high-
D/H atmospheric water reservoirs. Since this interme-
diate-D/H reservoir is observed in a diverse range of 
Martian materials with different ages (SNC, ALH 
84001, Curiosity surface data), this intermediate-D/H 
reservoir is likely a global surficial feature that has 
remained relatively intact over geologic time (Fig. 1).  
We propose that the intermediate-D/H reservoir 
represents either hydrated crust and/or ground ice in-
terbedded within sediments. The hydrated crustal ma-
terials and/or ground ice could have possibly acquired 
its intermediate-D/H composition from the ancient 
surface water before the rise of the atmospheric D/H 
ratio to the present level of ~5000 ‰. During ancient 
times, the atmosphere and hydrosphere could have 
approached isotopic equilibrium due to the high water 
activity relative to the recent dry Mars.  
AL
H 
84
00
1
Te
les
co
pe
GD
 (S
M
O
W
)
0
1,000
2,000
3,000
4,000
5,000
4.0 3.0 2.0 1.0 0.0
mantle
Ground Ice / Hydrated Crust
At
m
os
ph
er
e
an
d
Ex
ch
an
ge
ab
le 
ne
ar
-s
ur
fa
ce
 w
at
er
??
Curiosity
[mud stone]
Cu
rio
sit
y [
At
m
]
??
Ex
ch
an
ge
ab
le 
At
m
os
ph
er
e/H
yd
ro
sp
he
re
Na
kh
lite
 [c
lay
 ve
in
]?
Atmosp
heric Ev
olution
To the Ground
A
tm
os
p h
e r
ic
E
v o
lu
ti o
n
Water in the Mantle
Time [Ga]
Cu
rio
sit
y [
so
il]
im
pa
ct
 gl
as
s
in
sh
er
go
tti
te
Figure 1: Hydrogen isotopic compositions of Martian 
water reservoirs [3, 5, 6].  
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